Abstract-Emerging vehicular comfort applications pose a host of completely new set of requirements such as maintaining end-to-end connectivity, packet routing, and reliable communication for internet access while on the move. One of the biggest challenges is to provide good quality of service (QoS) such as low packet delay while coping with the fast topological changes. In this paper, we propose a clustering algorithm based on minimal path loss ratio (MPLR) which should help in spectrum efficiency and reduce data congestion in the network. The vehicular nodes which experience minimal path loss are selected as the cluster heads. The performance of the MPLR clustering algorithm is calculated by rate of change of cluster heads, average number of clusters and average cluster size. Vehicular traffic models derived from the Traffic Wales data are fed as input to the motorway simulator. A mathematical analysis for the rate of change of cluster head is derived which validates the MPLR algorithm and is compared with the simulated results. The mathematical and simulated results are in good agreement indicating the stability of the algorithm and the accuracy of the simulator. The MPLR system is also compared with V2R system with MPLR system performing better.
I. INTRODUCTION
The rapid growth in technologies and the need for ubiquitous connection have steered the Intelligent Transport Systems (ITS) in the direction of comfort applications such as data transfer and downloading, file sharing, and infotainment services apart from road safety applications [1] . There are organisations such as Car 2 Car Consortium [2] aiming to standardise the optimal communication between vehicles and projects such as COMeSafety2 -"Communication for eSafety" [3] , DriveC2X -"Drive Car-2-X" [4] , shows some of the current research activity undertaken in vehicular communication.
One of the biggest challenges in vehicular networks is maintaining the robustness of the links while handling the topology changes. In a highly mobile network, the communication links become inconsistent not suiting the standard protocol requirements [5] . Due to challenging conditions in VANET environment, a good clustering algorithm is required to reduce the fast reconfigurable condition of the dynamic network ensuring a better performance of the MAC protocols [6, 7] . A hierarchical clustering architecture is used in this work, as it is an efficient method to optimise communication and improve spectrum efficiency. A cluster is formed by a group of nodes which are in communication range of each other and a cluster head is selected from this group based on different constraints. The remainder of the paper is organised as follows. Section 2 discusses the related work. Section 3 gives description of the proposed system setup. Section 4 explains the proposed clustering algorithm to reduce the cluster head changes based on minimal path loss ratio (MPLR) and the performance metrics for the algorithm. A concise summary of mathematical modelling of the clustering algorithm is discussed in Section 5. Section 6 describes the vehicular arrivals modelling for motorway simulator. The simulator is used to simulate the vehicular movements. Section 7 compares the mathematical analysis of the proposed clustering algorithm with the simulated results for rate of change of cluster head metric. Section 8 compares the performance of the MPLR system with a pure V2R system and finally Section 9 gives the conclusion.
II. RELATED WORK This section introduces about various clustering techniques used currently. There are two popular clustering algorithmslowest id cluster algorithm (LIC) and highest connectivity cluster algorithm.
In LIC [8] , the network is arranged into a group of nodes called cluster where each node belongs to at least one cluster. Each node in the cluster is assigned a distinct ID and the node with the lowest ID is selected as the cluster head (CH). There are two main drawbacks of the LIC algorithm. One is the node ids are arbitrarily assigned numbers without considering any other qualifications of a node for election as a cluster head. And the second drawback is nodes are susceptible to power drain due to serving of cluster head for longer periods of time.
The highest connectivity (degree) algorithm [7] is based on the number of neighbour nodes with which it can communicate and the node with the maximum number of neighbours (connectivity) becomes the CH. A node is made a CH if it has the most number of neighbour nodes who doesn't have a CH. In case if there are two nodes with the highest number of connectivity, the lowest ID prevails. The disadvantages with this algorithm are creation of unstable clusters and no upper bound restriction on the number of nodes in the cluster thereby resulting in low throughput.
III. SYSTEM SETUP Our proposed system scenario is based on a motorway with 3 lanes unidirectional. The lanes typically have three different speeds 60mph, 70mph and 80mph. The arrival rates of the vehicles are obtained from the Traffic Wales data of SwanseaLondon M4 motorway. Base stations are installed every 4 km typically in the motorway. The communication architecture considered for this system setup is a hybrid setup and has two tiers of communication network. The lower tier is vehicle to vehicle (V2V) [9] communication and the upper tier is vehicle to base station/roadside (V2R) [10] IV. CLUSTERING ALGORITHM BASED ON MINIMAL PATH LOSS RATIO (MPLR) A new clustering algorithm is proposed based on the physical constraints -a) path loss which is characterised by the distance between the vehicle and base station and b) interference between vehicles due to overlapping coverage. A good cluster head should have strong signal to the base station, minimal path loss and should take in consideration the interference from the surrounding vehicles. The path loss is defined by the distance between the vehicle and the roadside infrastructure. Hence a larger distance of separation between the vehicle and roadside infrastructure has a higher path loss which implies a drop in the signal strength. A vehicle with minimal path loss is a good candidate for the cluster head. The other physical constraints will be part of the future work.
The clustering algorithm has the following procedures:-1. Node entering the motorway looks for any existing cluster heads within its transmission range. If there is a cluster head already present, the new node checks its distance from the base station and compares it with the distance between the existing cluster head and base station. Based on the shortest distance to the station the cluster head is selected. This is a standard procedure for selecting a cluster head. 2. When cluster head moves out of range of cluster, it performs the standard procedure for selecting the cluster head. If there are no other cluster heads nearby, it becomes it own cluster head. 3. When a cluster member is moving out of range of the cluster, it tries to look for a cluster head within its transmission range and if unable to find a cluster head nearby, it becomes its own cluster head. 4. When two clusters come in the proximity range of each other, a new cluster head is selected based on shortest distance between the node and the base station. 5. Single cluster formation is influenced in 3 cases; first case, when the vehicle is isolated from the rest of the vehicles with no vehicles within the transmission range, second case, the nearest cluster will not be able to service more requests and in the third case, the next to nearest cluster doesn't have good signal quality.
The performance of the algorithm is measured by a main metric -rate of change of cluster head. The rate of change of cluster head metric indicates the reconfiguration speed of the network. This will assess the robustness of the algorithm. A mathematical analysis is derived for the rate of change of cluster heads. Additionally there are two other minor metricsa) average cluster size, which is useful in determining the average number of requests that can emerge from a cluster and b) average number of clusters, which will help in the efficient bandwidth allocation and communication relay of both cluster head -base station and intra cluster communication For representation, all odd numbered vehicles are denoted by A 2i+1 and even numbered vehicles A 2(i+1).
V. MATHEMATICAL ANALYSIS FOR RATE OF CHANGE OF CLUSTER HEADS FOR MPLR ALGORITHM
The distance A 2i+1 A 2(i+1) will vary when the speeds vary which implies I i speed and N i speed is variable. N i is the mid-point formed between the vehicles in different lanes (e.g. N 1 is the imaginary mid point between A 1 and A 2 ). There are 2 different scenarios for vehicular placements -a) vehicles are moving at the same speed in both lanes; b) vehicles are moving at different speeds with respect to each other while maintaining a constant average speed.
Scenario A -Vehicles are moving at the same speed The rule for cluster head change from A i to A i+1 is when I i crosses H. The ∆t 1 and ∆t 2 are given as:
Where v is the speed of the vehicle and I i I i+1 is the distance between the two middle points. Therefore average time period for cluster change can be generalised as:
Where n is the number of participating vehicles.
The average rate of change of cluster head (∆CH) = The distance MP i is given as:
At time t 1, the cluster head changes from A 1 to A 2 when N 1 crosses the static point P 1 and at time t 2 = 1 1 t t , the cluster head changes from A 2 to A 3 . The generalisation of the cluster head changes with respect to time could be represented as: 
A change in cluster head will take place at time t 2n as given by equation (4) and the distance N 2n+1 P 2n+1 at time t 2n is given by:
A change in cluster head will take place at time t 2n+1 as given by equation (5) and the distance N 2(n+1) P 2(n+1) at time t 2n+1 is:
Hence v(N 2n+1 ) and v(N 2(n+1) ) is given by
Average rate of change of cluster head at time t 2n is given by:
Average rate of change of cluster head at time t 2n+1 :
The above expressions for cluster head changes can be used for different vehicular placement scenarios based on speed. For different speeds, there is change in the cluster head On I i crossing H i N i coincides with P i The speed N i and I i governs the rate of change of cluster heads. The above equations could be used for rate of change of cluster heads for both one and three lanes scenarios.
VI. VEHICULAR ARRIVAL MODEL AND MOTORWAY SIMULATOR
The vehicular arrival model is derived from the Traffic Wales data and is fed into the simulator. The motorway traffic simulator uses this model as an input and simulates vehicular movements based on time-discrete microscopic traffic model [13] . The clustering algorithm is implemented on top of this simulator. Traffic Wales, responsible for traffic management in Wales UK have provided traffic profiles on the M4 motorway for the past 5 years to help in research for implementing an accurate vehicular traffic model. The data set comprises of data obtained from the inductive loops in M4 between Swansea and London. There are 585 inductive loops in the stretch each spaced 500m apart. A statistical analysis was done on the M4 data to derive an accurate vehicular arrival model. Fig.3 shows the average vehicular arrival rate for every 5 minute interval in the motorway obtained from the M4 data. A 2 peak Gaussian distribution for multiple peaks caused by the peak hours in the morning and evening is used to fit the data. The chi square test (X 2 ) yields a value of 0.064759. A low value of X 2 indicates the level of independence. This is used as an input to the vehicular simulator for simulating realistic vehicular traffic. There appears to be a good agreement between the real traffic flow data and the fitted data.
Fig.3. Collected traffic flow data vs fitted data
For design of the motorway simulator, the time-discrete microscopic model is used [14] . In the simulation, each lane in the motorway is divided into boxes of 2m size as shown in fig.4 . According to official Highway Code, an average length of car is 4m and a box size 2 is an easier representation of all vehicles and help in the discrete movement of the vehicles based on the speed. The rate of change of cluster head metric is compared to the analytical results derived from the mathematical model. Simulated results for the other two performance metricsaverage number of clusters and average cluster size are also given in the following sections
A. Comparison of simulated and analytical results for rate of change of cluster heads
The rate of change of cluster heads are measured for each of 24 consecutive hours using the motorway simulator for all the 3 lanes and is compared with the mathematical analysis for the rate of change of cluster heads. 5 shows that there is a good agreement existing between the analytical and simulated model, thereby validating the soundness of the analytical model. As can be seen from the figure, the cluster head changes are higher during the peak hours due to the increased number of vehicles during those hours.
B. Average cluster size & Average number of clusters
The average cluster size helps in determining the average number of service requests that can emerge from the cluster. Average number of clusters will help in efficient bandwidth allocation and anticipate the relay of communication. Fig. 6 represents both the metrics for different hours of the day. It could be seen in both the metrics for the peak hours, number of clusters and cluster size reach the maximum and during the off peak hours, it gradually reduces. VIII. COMPARISON OF THE PROPOSED MPLR SYSTEM WITH A VEHICLE TO ROADSIDE (V2R) COMMUNICATION SYSTEM In a V2R system, each vehicle can communicate to the base station with its long-range radio.In these kinds of networks, each vehicle can communicate to the base station directly. There is no hierarchy in the networks for coordinating on sending messages to the base stations. In comparison, by clustering, the cluster head acts as a controller for vehicles within its cluster and forward the messages to and from the base station to the vehicles in the cluster. Clustering can be an efficient method to reduce bandwidth consumption and network congestion for large scale networks at no extra cost for infrastructure. It is important that the limited radio spectrum resources should be used as economically as possible. The simulation for comparison of MPLR and V2R systems considers a fixed size data file is transmitted from base station to all the vehicles in the motorway. This file could contain information ranging from safety messages to infotainment messages. The data is sent out to all the vehicles and resources are allocated based on the round robin scheduling in the downlink scheduler in the base station. The spectrum efficiency of MPLR network is compared to the pure V2R system in terms of the end to end delay and packet dropping probability. Average Access Delay is the delay that is experienced by a packet while waiting in the queue at the base station. Considered to be one of the most important parameters in determining the performance of the system, PDP (%) is a percentage ratio of the number of packets dropped to the total number of packets. On observing the results in Fig. 7 it can be seen that there is little variation in the access delay for lower number of vehicles, around 2 ms for both V2R and the MPLR systems. As the number of vehicles increases the delay for a V2R system reaches around the margin for 55ms compared to 18ms delay for the MPLR system. Also for a MPLR system, when the number of vehicles is less than 20, the delay is in the insensitive region and the delay is quite minimal and any variation in the number of vehicles does not affect the delay significantly. To guarantee good quality of service (QoS), PDP should be less than 10-15%. The packets are sensitive to delay and once delay reaches a maximum limit D max (=150ms), the packets are dropped to maintain the quality of the service. It can be seen that the PDP is a lot higher for V2R system than the MPLR system. The number of participating vehicles in the clustering mechanism is reduced and this improves the packet dropping probability at least by 20%. Hence there is a need for a new clustering algorithm which takes into consideration the physical channel impairments such as path loss and interference in selecting a cluster head. The cluster head acts as a central relay entity between vehicles in a cluster and also between vehicles and the roadside base station. The vehicle clustering is periodically updated to reflect the topological changes and vehicle movements. The clustering should feature low cluster head changes for the stability of the network. An accurate vehicular traffic model is deduced from the real time data of Traffic Wales and used as an input to a motorway simulator. The performance of the clustering algorithm are evaluated in terms of rate of change of cluster heads and average cluster size over different hours of the day. A mathematical analysis is presented for rate of change of cluster heads and is compared with the simulated results. The results are in good agreement with each other. The MPLR system is compared with a V2R system and it is found that the MPLR system performs better than a V2R in terms average access delay and packet dropping probability.
